Introduction: Abies cilicica ssp. cilicica is an endemic species grown naturally in Syria. This taxon could be a potential and promising source of antimicrobial activity. Objective: Methanolic, ethanolic and acetonic extracts of leaf (LE) and flowering cones (FE) of A. cilicica ssp. cilicica plant were evaluated for their antimicrobial activity against 3 bacteria (Enterococcus faecalis, Proteus vulgaris and Klebsiella pneumoniae) and two fungi (Candida albicans and Aspergillus niger) pathogens. Methods: A. cilicica antimicrobial activity was evaluated by disc-diffusion method (zone of inhibitions-ZIs), activity index (AI) and minimum inhibitory concentrations (MICs) (Microdilution broth susceptibility assay). Similarly, ciprofloxacin (10 mg/ml) and nystatin (5 µg/ml) antibiotics were used as a standard for the antimicrobial activity of bacteria and fungi isolates, respectively. Results: Data revealed that the acetone FE with highest ZIs and lowest MICs showed the strongest antimicrobial activity against tested pathogens, while, ethanol LE was the lowest potent extract against all tested microorganisms. P. vulgaris bacteria was considered as the most sensitive isolate by showing the lowest MICs value of 0.52 µg/ml, whereas, A. niger fungus was pronounced as the most tolerant isolate by expressing the highest MICs value of 26.67 µg/ml. Conclusion: The current investigation proved the potential activity of A. cilicica extracts as an antibacterial and an antifungal source grown naturally in Syria.
INTRODUCTION

Tested microorganisms and growth conditions
The pure clinical isolates of 3 bacteria (E. faecalis, P. vulgaris and K. pneumoniae) and two fungi (C. albicans and A. niger) pathogens were obtained from the Microbiology and Immunology Division, Department of Molecular Biology and Biotechnology of Atomic Energy Commission of Syria (AECS) in Damascus, Syria.
For bacteria pathogens: the cultures were maintained at 37°C on 2YT agar (peptone, 16 g/l; yeast extract, 10 g/l; NaCl, 5 g/l; agar, 13 g/l [Difco, BD, Spars, MD]); and incubated for 24-48 h. Prior to antimicrobial sensitivity test, 0.2 ml of overnight culture of each organism was dispensed into 20 ml of sterile Mueller Hinton Broth (Hi-media Laboratory Pvt. Ltd., Mumbai, India) and then incubated for about [18] [19] [20] [21] [22] [23] [24] h to standardize the cultures to approximately 10 6 CFU/ml [14] . The bacteria were suspended in a sterile phosphate-buffered saline (PBS). Bacteria abundance in PBS was monitored by recording the optical density (OD) at 590 nm. The exact counts were assessed retrospectively by viable counts on 2YT agar plates.
For fungal pathogens, the standardized culture of tested fungal were prepared by dissolving 3.9 g of PDA in 100 ml distilled water, autoclaving, pouring and inoculating into plates. The inoculated plates were incubated at 28±3°C for 2 days.
Antimicrobial activity assay
The disc-diffusion assay
The disc-diffusion method was adopted to test the antibacterial activity as described in some investigations [11, 14] . Ciprofloxacin (10 mg/ml) and nystatin (5 µg/ml) were used as standard drug for antimicrobial activity of bacteria and fungi isolates, respectively. Filter paper discs (Whatman No.1) of 6 mm diameter were prepared and sterilized. The discs impregnated with 100 µl of extract dilutions (100 mg/ml) and reconstituted in minimum amount of examined solvents were applied over each of the culture plates previously seeded with the 10 6 CFU/ml cultures of bacteria. Bacterial cultures were then incubated at 37°C for 18 h, while the paper discs impregnated with 20 µl of a solution of 10 mg/ml of ciprofloxacin were used as standard antimicrobials for comparison. Negative control was prepared using examined solvents (final concentration of the solvent in the highest concentration of plant extract was tested). Antimicrobial activity was determined by measurement of zone (in mm) of inhibition around each paper disc. For each extract, duplicate trials were conducted against each organism.
Activity Index (AI)
Activity index (AI) of A. cilicica ssp. cilicica plant extracts was calculated as previously reported, using the following formula [15] : activity index (AI) = inhibition zone of sample/inhibition zone of standard.
Determination of minimum inhibitory concentrations (MICs)
Microdilution broth susceptibility assay was used to estimate MICs values [16] . Three replicates of serial dilutions of extract (50 mg/ml) were prepared in LB broth medium in 96-well microtiter plates, using a range of concentrations for LE and FE extracts from A. cilicica from 0.166 to 40 µl per well. One hundred microlitres of freshly grown bacteria standardized 10 6 CFU/ml in LB broth were added to each well. Positive control was achieved in the same conditions but without extract. Negative control was also made with the same conditions but without the addition of bacteria. The plate was incubated with shaking for 24 h at 37°C. The lowest concentration that completely inhibited visual growth was recorded and interpreted as the MICs.
Statistical analysis
All tests were performed in triplicate and values are presented as mean ±SD. Variance analysis among examined pathogens, solvents and plant parts was calculated separately using STAT-ITCF program and Student-Newman-Keuls test [17] .
Ethical approval: The conducted research is not related to either human or animal use.
RESULTS AND DISCUSSION
Antimicrobial activity of methanolic, ethanolic and acetonic crude extratcs from LE and FE of A. cilicica ssp. cilicica have been investigated against 5 pathogens.
Our data presented herein, revealed the all A. cilicica extracts showed a highest inhibitory effect against all tested microorganisms compared to the tested applied antibiotic standard expect against E. faecalis (tab. 1).
It was noticed that ZIs value for bacteria ranged between 15 and 25 mm in ethanol LE against E. faecalis and methanol FE against P. vulgaris isolate, respectively (tab. 1). As for fungi, this ZIs value varied between 14 and 19 mm for ethanol LE against C. albicans and acetone FE against A. niger, respectively (tab. 1). As shown in table 1, the growth of bacteria and fungi isolates were inhibited by methanolic, ethanolic and acetonic extracts from LE and FE of A. cilicica on different degrees, according to the tested organisms, plant fraction and examined solvent. This observation was in accordance with previous data [9] .
Ta b l e 1
Activity index (AI) was also evaluated against the tested microorganisms (tab. 2). It was found that AI value ranged between 0.68 and 1.32 for ethanol LE against E. faecalis and methanol FE against P. vulgaris, respectively (tab. 2). Whereas, for fungi this value varied between 1.36 and 1.80 for ethanol LE against A. niger and methanol FE against C. albicans, respectively.
Analysis of variance for ZIs and AI was highly significantly different (p˂0.001) among the examined pathogens, solvents and plant parts, separately (tab. 1, 2). Based upon data presented herein, it worth noting that the acetone FE showed the strongest antimicrobial activity against tested pathogens with highest ZIs and lowest MICs values. The highest observed potent of acetone FE against microorganisms could be attributed to the fact that this extract exhibited the most bioactive constituents (alkaloids, flavonoids, saponins, terpenoids and steroid compounds, data not shown here). These secondary bioactive compounds have been previously reported as the most effective compounds known for their antimicrobial activity [18] . Other research indicated the pharmacological effect of carotenoids, alkaloids, vitamins, minerals and polyphenols as antioxidants [6] .
Other study demonstrated that the essential oil of rosin cones of A. cilicica ssp. cilicica had an antimicrobial effects compared to those obtained from leaves of the same species [9] .
Previously, different degree of antimicrobial effect of essential oil from 4 species of Abies against 12 microorganisms has been reported [10] . The previous study mentioned that the inhibitory effect of Abies spp. against micoorganisms could vary according to the ecological conditions, plantation and natural form of Abies.
Whereas, in previous investigation the antimicrobial activity of different parts (leaves, resins, bark, cones and fruits) of 5 forest species grown in Turkey, against 14 microorganisms was described [11] . The previous study indicated that no antifungal effect was found in all tested extracts (chloroform, acetone and ethanol). The growth of E. coli was not affected by different plant parts extracts except by chlorophorm and acetone A. cilicica leaves extracts with ZIs of 16-18 mm, respectively.
Furthermore, in other study the antimicrobial activity of different amount (1 µl/disc, 2 µl/disc and 4 µl/disc) of essential oil cones rosin's A. cilicica ssp. cilicica against 14 microorganisms (8 Gram-positive, 3 Gram-negative bacteria and 3 yeast strains) was described [13] . The previous investigation revealed low inhibitory activity at 1 and 2 µl/disc. While, at 4 µl/disc, the ZIs was ranged between 8 mm (S. aureus and M. luteus) and 12 mm (M. smegmatis and C. xerosis) in the case of Gram-positive bacteria. While, it was varied between 8 mm (P. aeruginosa) and 13 mm (K. pneumoniae) with no effect observed against E. coli in the case of Gramnegative bacteria. Whereas, it was ranged between 7 mm (K. fragilis) and 11 mm (S. cerevisiae) for yeast microorganisms.
While, in our study, ZIs for bacteria varied between 15 mm (E. faecalis and K. pneumoniae) and 25 mm (P. vulgaris). As for fungi, estimated ZIs value ranged between 14 mm (C. albicans) and 19 mm (A. niger). Other investigation, however, demonstrated that ZIs for 5 bacteria isolates ranged between 7.2 mm (P. aeruginosa) and 10.7 mm (E. coli) as revealed by DMSO oil dilution 1/1000 of Numidia (A. numidica) needles collected from Seraidi, Algeria [19] . Moreover, MICs was also determined as preliminary screening of antimicrobial activity of A. cilicica extracts (tab. 3). In this regards, estimated MICs values ranged between 0.52 and 10.0 µg/ml for acetone FE against P. vulgaris and ethanol LE against E. faecalis, respectively for tested bacteria. As for fungi, this MICs values varied between 8.33 and 26.67 µg/ml for methanol and acetone FE against C. albicans and ethanol LE against A. niger, respectively. Variance analysis of MICs revealed highly significant different (p˂0.001) only among the examined pathogens (tab. 3). In previous, the antibacterial effect of essential oil extracts for A. holophylla and A. koreana has been reported [12] . This investigation indicated that A. koreana oil was more potent as antibacterial and antifungal agent than A. holophylla. Both essential oils showed great antibacterial effect against tested bacteria in the range of 2.2-8.8 µg/disc with MICs values of 5.5-21.8 mg/ml. Moreover, the previous study revealed the antifungal potential against C. glabrata with MICs value of 0.5-2.2 mg/ml. Whereas, in other study the antimicrobial activity of essential oil of nine Abies species growing in Turkey against 8 bacteria and 2 yeast strains was investigated [9] . The previous study showed different inhibitory activity level of oil against tested microorganisms. In this regards, yeast were the most sensitive pathogens. Whereas, E. coli and S. aureus were the most resistant bacteria expect for A. koreana and A. cilicica ssp. isurica and little for A. alba and A. firma essential oil. Whereas, in other investigation it was demonstrated that MICs value of essential oil cones rosin's A. cilicica ssp. cilicica ranged between 0.5 µg/ml (M. smegmatis) and 3.5 µg/ml (S. aureus and M. luteus) for the Gram-positive bacteria [13] . Whereas, it varied between 0.5 µg/ml (K. pneumoniae) and >10 µg/ml (E. coli). It ranged between 0.5 µg/ml (S. cerevisiae) and 1.75 µg/ml (K. fragilis). It was noticed that the previous investigation stated that S. cerevisiae, K. pneumoniae and M. smegmatis were the most sensitive microorganisms showing the lowest MICs value of 0.5 µg/ml [13] .
Ta b l e 3 Minimum inhibitory concentrations (MICs)
Our data presented herein was in accordance with previous study findings. The estimated MICs value ranged between 0.52 µg/ml (P. vulgaris) with FE acetonic extract and 10 µg/ml (E. faecalis) with LE ethanolic extract.
In other investigation phytochemical components of oil from rosin of A. cilicica ssp. cilicica cones collected in Turkey were reported [20] . The latter investigation revealed that α-pinene followed by β-pinene and myrcene were essential chemical compounds of the cones of rosin. Whereas, it has been previously investigated in the essential oil composition of Numidia (A. numidica) needles collected from Seraidi, Algeria [19] . The previous study indicated that wealth in terpene compounds were the major components in oil. Indeed, the same investigation revealed that oil had good inhibitory effects, varying according to the examined origin.
CONCLUSION
Overall, A. cilicica ssp. cilicica FE was found to be the most potent against all tested microorganisms compared to the LE. Acetone FE with highest ZIs and lowest MICs showed the strongest antimicrobial activity against tested pathogens. Ethanol LE was the lowest active extract against all tested organisms. Otherwise, fungi were resistant to A. cilicica extracts with MICs of 26.67 µg/ml compared to bacteria where MICs was found to be 10 µg/ml. In this regards, A. niger fungi could be considered as the most resistant pathogen showing the highest MICs value. Thereby, A. cilicica spp. cilicica crude extracts were potent against bacteria and fungi with different degree. It is worth to test their purified bioactive compounds to investigate their biological effect separately.
